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PREFACE 

This  report  provides  information  on  weight  per  cubic  foot  of  fanners 
stock  peanuts  stored  in  hulk  and  the  effect  of  certain  grade  factors  and  length 
of  storage  on  the  relation  of  volume  to  weight  of  peanuts.   It  is  one  phase  of 
a  storage  study  designed  to  develop  more  economical  marketing  of  peanuts.   It 
is  part  of  a  broad  program  of  research  to  expand  markets  of  farm  products. 

The  samples  of  peanuts  used  for  volume-weight  tests  in  the  study  were 
drawn  from  stored  lots  of  peanuts  made  available  for  research  purposes  by  the 
Commodity  Credit  Corporation. 

Acknowledgment  is  made  to  the  following  for  conducting  the  volume-weight 
measurements  and  making  available  the  statistical  data:   Joseph  H.  Yeager, 
agricultural  economist,  Agricultural  Experiment  Station,  Auburn,  Ala.;  James  L. 
Shepherd,  agricultural  engineer,  Georgia  Coastal  Plain  Experiment  Station, 
Tifton,  Ga.;  B.  C.  Langley,  superintendent,  West  Cross  Timbers  Experiment 
Station,  Stephenville ,  Tex.;  and  Norman  C.  Teter,  agricultural  engineer,  Agri- 
cultural Research  Service,  Tidewater  Research  Station,  Holland,  Va. 
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VOLUME-WEIGHT  RELATIONSHIPS  OF  FARMERS  STOCK  PEANUTS  STOKED  IN  BULK 

By  Magnus  B.  Johnson,  agricultural  economist 
Marketing  Research  Division,  Agricultural  Marketing  Service 


SUMMARY 

The  volume  -"weight  relationship  of  peanuts  can  he  an  important  considera- 
tion in  (l)  estimating  pounds  of  peanuts  that  can  be  stored  in  a  given  storage 
space,  (2)  determining  the  size  of  storage  structure  needed  for  peanuts  of  a 
given  type  and  the  weight  the  structure  "will  have  to  hear,  and  (3)  determining 
costs  involved  in  constructing  new  bulk  storage  structures,  or  converting  old 
ones. 

For  peanuts  included  in  this  study  from  crops  of  the  5  years  1952- 56, 
Runner  peanuts  at  Headland,  Ala.,  averaged  16.9  pounds  per  cubic  footj  Spanish 
peanuts  at  Tifton,  Ga.,  averaged  19*7  pounds;  Spanish  peanuts  at  Stephenville, 
Tex.,  averaged  19-8  pounds]  and  Virginia  type  peanuts  at  Holland,  Va.,  aver- 
aged 13.6  pounds. 

The  weight  per  cubic  foot  not  only  varied  by  type  of  peanuts  but  to  a 
lesser  degree  by  crop  year.   Southeast  Spanish  peanuts  showed  the  widest  varia- 
tion, ranging  from  17.8  pounds  for  the  1952  crop  to  20.8  for  the  1955  crop. 
Virginia  type  peanuts,  with  the  least  difference  between  crop  years,  varied 
from  13  pounds  for  the  1952  crop  to  1^.3  pounds  for  the  1956"  crop. 

The  percentage  of  sound  mature  kernels  was  found,  on  the  average,  to  have 
a  higher  degree  of  relationship  to  weight  than  any  of  the  other  factors  studied. 
These  other  factors  were  damaged  kernels,  total  kernels,  foreign  material,  and 
kernel  moisture.  Differences  in  the  percentage  of  sound  mature  kernels  were 
found  to  be  associated  with  56  percent  of  the  weight  difference  in  Runner 
peanuts,  51  percent  in  Southeast  Spanish,  V3  percent  in  Southwest  Spanish,  and 
kl   percent  in  Virginia  type  peanuts . 

Using  the  information  obtained,  it  is  possible  to  estimate  the  weight  per 
cubic  foot  of  farmers  stock  peanuts  from  percentage  of  sound  mature  kernels 
with  a  reasonable  degree  of  accuracy.  These  estimates  should  be  more  accurate 
than  the  rough  estimates  of  weight  per  cubic  foot  now  in  use  by  warehousemen. 
To  facilitate  use  of  the  relationships  found,  a  table  was  prepared  giving  the 
expected  weight  per  cubic  foot  and  also  cubic  feet  per  ton  for  peanuts  of  dif- 
ferent percentages  of  sound  mature  kernels,  of  different  types,  within  given 
limits  of  percentages  of  foreign  material  and  kernel  moisture. 
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INTRODUCTION 

This  report  deals  with  the  volume -"weight  relationship  of  farmers  stock 
peanuts  stored  in  hulk.  The  term  "farmers  stock  peanuts1'  refers  to  unshelled 
and  uncleaned  peanuts.  This  is  one  phase  of  a  5-year  study  of  peanut  storage 
"begun  in  the  summer  of  1952,  aimed  at  reduction  of  marketing  costs  for  peanuts. 
It  was  conducted  under  cooperative  agreements  between  the  Agricultural  Market- 
ing Service,  the  Commodity  Credit  Corporation,  and  the  agricultural  experiment 
stations  of  Alabama,  Georgia,  Texas,  and  Virginia. 

Observations  on  physical  changes  in  farmers  stock  peanuts  in  storage  were 
conducted  in  four  important  peanut-producing  States- -Alabama,  Georgia,  Texas, 
and  Virginia- -each  having  climatic  conditions  typical  of  producing  areas  of  one 
of  the  three  principal  types  of  peanuts.  The  major  experiment  was  at  Headland, 
Ala.,  using  Southeast  Runner  peanuts,  with  smaller  scale  studies  at  Tifton,  Ga., 
with  Southeast  Spanish,  at  Stephenville ,  Tex.,  with  Southwest  Spanish,  and  at 
Holland,  Va.,  with  Virginia  type  peanuts. 


PURPOSE 

In  the  past  several  years  rapid  changes  have  taken  place  in  the  methods  of 
harvesting,  handling,  and  storing  peanuts.   In  the  Southeast  area  (Alabama  and 
Georgia),  farmers  stock  peanuts  have  been  handled  and  stored  in  bulk  for  many 
years.  Within  the  last  few  years  this  labor-saving  practice  has  made  progress 
in  Virginia,  where  over  50  percent  of  the  crop  is  now  handled  in  bulk.  There 
is  currently  a  trend  from  bag  to  bulk  handling  in  North  Carolina,  and  the 
Southwest  area  (Texas  and  Oklahoma). 

Heretofore,  no  accurate  figures  were  available  on  the  relation  between 
volume  and  weight  of  peanuts. 

The  needs  for  an  approximate  volume-weight  conversion  factor  in  handling 
and  storing  farmers  stock  peanuts  in  bulk  are  as  follows:   (l)  For  estimating 
the  pounds  of  peanuts  that  can  be  stored  in  a  given  storage  space,  (2)  for  de- 
termining the  size  of  storage  structure  needed  for  peanuts  of  a  given  type  and 
the  weight  the  structure  will  have  to  bear,  and  (3)  for  determining  costs  in- 
volved in  constructing  new  bulk  storage  structures,  or  converting  old  ones. 

In  order  to  have  more  exact  information  regarding  the  weight  and  volume 
of  farmers  stock  peanuts  when  stored  in  bulk,  tests  were  made  to  determine  the 
volume-weight  relationships.  Factors  which  might  affect  this  relationship 
were  studied,  including  percentages  of  sound  mature  kernels,  other  kernels, 
kernel  moisture,  and  foreign  material. 
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METHODS 

Two  approaches  were  utilized  in  making  these  volume -weight  tests:   One  was 
to  calculate  the  volume-weight  ratio  from  the  total  weight  of  peanuts  in  the 
individual  bins  and  the  volume  of  the  peanut  mass  in  the  bins.  The  volume  of 
peanuts  in  each  bin  was  computed  to  determine  the  net  cubic  feet  of  space 
actually  occupied  by  the  peanuts.  Weight  of  peanuts  in  each  bin  was  kept  from 
load  records.  Weight  per  cubic  foot  was  calculated  by  dividing  the  total  weight 
of  peanuts  placed  in  the  individual  bins  by  the  cubic  feet  of  volume  filled. 
Cubic  feet  per  ton  were  calculated  by  dividing  the  cubic  feet  of  volume  by  tons 
of  peanuts  placed  in  each  bin.  Another  method  was  to  fill  a  box  of  a  specified 
volume  with  peanuts  and  then  weigh  the  known  volume.  This  process  was  repeated 
three  times  for  each  bin.  The  weights  represent  an  average  of  three  samples 
from  each  bin.  The  cubic  feet  of  space  required  per  ton  were  then  determined 
by  dividing  2,000  pounds  by  the  average  weight  per  cubic  foot. 

For  all  lots  of  Spanish  and  Virginia  peanuts  and  the  1952  crop  of  South- 
east Runner  peanuts,  the  data  on  volume-weight  relationship  were  based  on  the 
first  method  (bin  measurements).   For  the  Southeast  Runner  peanuts,  with  the 
exception  of  the  1952  crop,  the  data  were  based  on  the  latter  method  (box  meas- 
urements) . 

Each  lot  of  peanuts  was  sampled  and  graded,  and  the  unit  weight  was  re- 
lated to  each  individual  grade  factor  separately.  The  analyses  were  in  each 
instance  based  on  simple  linear  correlation. 


VOLUME-WEIGHT  BY  TYPE  OF  PEAMJTS 

The  volume-weight  of  peanuts  not  only  varied  by  type  of  peanut  but  to  a 
lesser  degree  by  individual  lot  and  crop  year.  Volume-weight  tests  were 
carried  out,  using  Southeast  Runners,  Southeast  Spanish,  Southwest  Spanish,  and 
Virginia  type  peanuts.  On  the  basis  of  these  tests  (59  f°r  Southeast  Runners, 
20  for  Southeast  Spanish,  22  for  Southwest  Spanish,  and  12  for  Virginia  type 
peanuts)  the  average  weight  per  cubic  foot  varied  from  13 • 6  pounds  for  Virginia 
type  peanuts  to  19.8  pounds  for  Southwest  Spanish.  The  volume-weight  varied 
considerably  by  crop  years.   Southeast  Spanish  showed  the  widest  variation, 
ranging  from  17-8  to  20.8  pounds,  a  difference  of  3  pounds  per  cubic  foot.  For 
the  3  years  for  which  data  are  available,  the  average  weight  per  cubic  foot  of 
Virginia  type  peanuts  varied  from  13  to  lk.3   pounds,  or  by  only  1-3  pounds 
(table  1). 

The  weight  per  bushel  of  unshelled  peanuts  can  be  estimated  from  these  data 
by  multiplying  the  weight  per  cubic  foot  by  1.2^V?>  "the  number  of  cubic  feet  in 
a  bushel.  On  this  basis  the  weight  per  bushel  varied  from  l6.2  to  17.8  pounds 
for  Virginia  type  peanuts,  with  an  average  of  17  pounds.  For  Southwest  Spanish, 
the  weight  varied  from  23.7  to  26.8  pounds,  with  an  average  of  2^.7  pounds  per 
bushel  (table  2).  However,  unshelled  peanuts  are  not  generally  measured  in 
bushels  except  in  the  case  of  seed  peanuts. 
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Table  1. — Average  weight  per  cubic  foot  of  farmers  stock  peanuts ,  by  types 

Crop  of  peanuts   "''      Southeast   i   Southeast   :   Southwest   :  Virginia 
: Runner   ;   Spanish  ~U      :   Spanish  U      '-  type  jy 

:    Pounds       Pounds        Pounds  Pounds 

1952 :    I/I6.78       17.81         19.05  13.03 

1953  :    2/15.80       20.27         21.51  13.62 

1954 :    2/16.95       19.19        19.18 

1955  :    2/16.85       20.77         19.02 

1956  . .  .^ ;    2/18.12 20. 44 20. 34 14.28 

Average :      16.90       19-70         19.82  13-64 


l/  The  -weight  per  cubic  foot  was  calculated  by  dividing  the  total  weight  of 
peanuts  placed  in  the  individual  bins  by  the  cubic  feet  of  volume  filled. 

2/  A  box  of  a  specific  volume  was  filled  with  different  batches  of  peanuts 
and  the  known  volume  was  then  accurately  weighed. 

Table  2. — Average  weight  per  bushel  of  farmers  stock  peanuts,  by  types 


Southeast 

:  Southeast 

:  Southwest 

:  Virginia 

Crop  of 

peanuts 

Runner 

:   Spanish 

:   Spanish 

:    type 

:    Pounds 

Pounds 

Pounds 

Pounds 

1952 

;     20 

.88 

22.16 

23.71 

16.22 

1953 

19 

.66 

25.23 

26.77 

16.95 

1954 

:     21 

.09 

23.88 

23.87 

1955  

20 

•91 

25.85 

23.67 



1956 

»•••••••••• 

22 

■?5 

25.44 

25.31 

17.77 

Average 

21 

.03 

24.51 

24.67 

16.98 

l/  Based  on  average  volume-weight  per  cubic  foot  and  1.2445  cubic  feet  per 
bushel. 


The  cubic  feet  per  ton  as  calculated  varied  from  an  average  of  102  cubic 
feet  for  Southeast  Spanish  to  147  cubic  feet  for  Virginia  type  peanuts  (table  3) 


Changes  in  Volume -Weight  During  Storage 


Weight  losses  occur  during  storage  and  there  are  several  factors  associated 
with  this:  Amount  of  initial  moisture  content;  percentages  of  sound  mature  ker- 
nels, other  kernels  including  damaged  ones,  and  foreign  material;  and  climatic 
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Table  3. — Average  cubic  feet  of  space  required  per  ton  for  farmers  stock 

peanuts ,  by  types 


Crop  of  peanuts 


Southeast 
Runner 


Southeast 
Spanish 


Southwest 
Spanish 


Virginia 
type 


1952 

1953  

195^  

1955  

1956 

Average 


Cubic  feet 
IJ.9.TO 

127.39 
H9.3O 
H8.70 
110.80 


II9.I8 


Cubic   feet 
112.21 
98.44 

104.33 
96.68 


101.97 


Cubic  feet 
105.15 
97.79 

104.48 

105.17 
0JLV7 


102.21 


Cubic  feet 
153.81 
1^7.06 


139-84 


146.90 


conditions  during  storage.   Data  for  samples  drawn  over  a  period  of  time  from 
the  same  lots  of  peanuts  indicated  that  the  weight  per  unit  of  volume  varied 
considerably. 

For  Southeast  Runner  peanuts,  samples  were  drawn  several  times  from  the 
same  bins  containing  peanuts  from  the  1952-55  crops  that  had  been  stored  for 
13  to  49  months  (table  4) .  The  1952-crop  peanuts  held  in  storage  for  approxi- 
mately 49  months  showed  an  average  weight  loss  of  0.6  pound  per  cubic  foot, 
whereas  the  1953-crop  peanuts  held  in  storage  for  approximately  37  months 
showed  a  slight  gain.  The  1954- crop  peanuts  held  in  storage  for  approximately 
23  months  lost  an  average  of  0.4  pound  per  cubic  foot,  and  the  1955-crop  peanuts 
stored  for  13  months  lost  0.5  pound.  For  all  lots  from  the  4  crop  years,  the 
average  loss  was  0-3  pound  per  cubic  foot.  Proportionally,  this  average  loss 
amounted  to  1.7  percent  of  the  average  weight  per  cubic  foot. 

Southeast  Spanish  peanuts  were  sampled  for  the  volume-weight  test  when 
loaded  in  and  again  when  loaded  out  (table  5).  Of  the  l6  lots  of  peanuts  held 
in  storage  for  8  to  11  months,  12  showed  a  weight  loss  and  4  lots  showed  a  gain, 
which  gave  an  average  loss  of  0.7  pound  per  cubic  foot.  The  4  lots  of  peanuts 
held  in  storage  for  19  to  21  months  showed  an  average  loss  of  0.7  pound  per 
cubic  foot.  For  all  lots  of  peanuts  from  the  crops  of  1952-56,  the  average 
loss  was  0.6  pound  per  cubic  foot.  Proportionally,  this  average  loss  amounted 
to  3*2  percent  of  the  average  weight  per  cubic  foot. 

Samples  of  Southwest  Spanish  were  taken  for  volume-weight  tests  when  the 
peanuts  were  loaded  in  and  again  when  they  were  loaded  out  (table  6).  Of  the 
22  lots  of  peanuts,  which  were  held  in  storage  for  6  to  19  months,  1  lot  showed 
no  change  in  weight,  10  lots  showed  a  loss  in  weight,  and  11  lots  showed  a  gain 
in  weight — an  average  gain  of  0.12  pound  per  cubic  foot. 

Southeast  Runner  and  Southeast  Spanish  peanuts  showed  an  overall  loss  in 
weight  while  Southwest  Spanish  peanuts  gained  slightly  in  weight.  A  large 


-  8  - 


Table  k. — Weight  per  cubic  foot  and  change  in  weight  of  Southeast  Runner 

farmers  stock  peanuts  stored  in  bulk 


Crop  of  peanuts  : 

Date  tested 

Months  : 

in   : 

storage: 

Change 

and 
bin  number 

[December 

1952  ll 

:  December 
:1953  H 

: February 
:1955  a 

December 
:1955  a 

:  January- 
: 1957  2/: 

in 
veight 

1952  crop:       : 
Bin  k : 

Pounds 

18.5 
15.5 

Pounds 

Pounds 

16.6 
15.8 

Pounds 

17.0 
16.3 

Pounds 

16.3 
16.5 

Number 
h9 

Pounds 
-2.2 

+1.0 

:  17.0 



16.2 

16.  h 

16.4 

--- 

-.6 

1953  crop:       : 
Bin  22  



15. 7 
17.8 

16.5 
18.5 

15.9 
17.9 

16.3 
17.5 

37 
37 

+.6 

-•3 



16.8 

17.5 

16.9 

16.9 

— 

+.2 

195^  crop: 

Bin  5  



— 

18.0 
19.1 

18.8 

17.3 
19.1 

23     -.7 
23  No  change 

Average  

:   

— 

18.6 

18.8 

18.2 



-A 

1955  crop: 

Bin  1  



— 



16.9 
16.8 

16.2 
16.5 

13 
13 

-•7 
-•3 

Average  

:   

— 



16.9 

l6.k 

-•5 

l/  The  veight  per  cubic  foot  was  calculated  by  dividing  the  total  weight  of 
peanuts  placed  in  the  individual  bins  by  the  cubic  feet  of  volume  filled. 

2/  A  box  of  specific  volume  was  filled  with  peanuts  and  the  known  volume 
was  then  accurately  weighed. 

proportion  of  the  overall  gain  in  weight  in  the  Southwest  Spanish  peanuts  ca-11 
be.  attributed  to  the  1956-crop  peanuts,  which  increased  in  moisture  of  kernels 
and  hulls  while  in  storage. 


Relationship  of  Volume-Weight  to  Grade  Factors 

Certain  grade  factors  influence  the  volume-weight  relationship.  Each  lot 
of  peanuts  selected  for  determination  of  weight  per  unit  volume  was  sampled 
and  graded,  and  the  unit  weight  was  related  to  each  of  the  various  grade  fac- 
tors. The  lots  of  peanuts  were  selected  to  include  various  levels  of  sound 
mature  kernels,  foreign  material,  and  other  factors  (table  7)« 
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Table  5. — Weight  per  cubic  foot  and  change  in  weight  of  Southeast  Spanish 

farmers  stock  peanuts  stored  in  bulk 


Crop  of  peanuts 
and 
bin  number 


Weight  per  cubic  foot 


When 
loaded  in 


When 
loaded  out 


Months 

in 
storage 


Change 

in 
weight 


1952  crop: 

Bin  1  

Bin  2 

Bin  3  

Bin  4 

Average  . . 

1953  crop: 

Bin  1  

Bin  2 

Bin  3  

Bin  5  

Average  . . 

195^  crop: 

Bin  1  

Bin  2  

Bin  3  

Bin  4 

Average  . . 

1955  crop: 

Bin  1 

Bin  2 

Bin  3  

Bin  5  

Average  . . 

1956  crop: 

Bin  2 

Bin  3  

Bin  4 

Bin  5  

Average  . . 


Pounds 

17.93 
17.50 
18.60 
17-25 


17.82 


20.75 
20.80 
19.78 
19.80 
20.28 


20.70 
17.70 
18.75 
19.65 


19.20 


22.48 
18.64 
19-64 
22.31 


20.77 


21.81 
20.12 

18.33 

21.48 
20.44 


Pounds 

18.15 
17.83 
18.64 
17.14 


19.84 
19.68 
19.70 
19-75 
19.74 


18.63 

16.63 

18.10 

18.9 

TO 


20.37 
18.98 

19.57 
21.00 

^95" 


21.55 
19.86 
17.56 
i?-23 


Number 

10 
10 
10 
21 


11 

10 

8 

19 


10 
11 
11 
20 


20 
9 
9 

10 


8 
8 
8 
8 


Pounds 

+0.22 
+  .33 

+.o4 
-.11 


+.12 


-.91 

-1.12 

-.08 
-.05 


-54 


-2.07 
-1.07 

-.65 
-.68 


-1.12 


-2.11 
+  .34 
-.07 

-1.31 


-.79 


-.26 
-.26 

-.77 
-2.25 


l?-55 


^82_ 


Average  all  bins 


19.70 


19.06 


-.64 
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Table  6. --Weight  per  cubic  foot  and  change  in  weight  of  Southwest  Spanish 

farmers  stock  peanuts  stored  in  bulk 


Crop  of  peanuts   : 

Weight  per 

cubic  foot 

:   Months 
:     in 

:   Change 

and        : 

When 

:      When 

:     in 

bin  number     : 

loaded  in 

:   loaded  out 

storage 

:   weight 

Pounds 

Pounds 

Number 

Pounds 

1952  crop:        : 

Bin  1  .« : 

18.74 

17.42 

11 

-1.32 

Bin  2  r : 

19.88 

19.68 

20 

-.20 

Bin  3 » : 

19.51 

19.23 

11 

-.28 

Bin  4 : 

18.06 

18.15 

11 

+  .09 

Average  : 

19.05 

18.62 



-.43 

1953  crop:        : 

Bin  1  : 

20.77 

19.83 

10 

-.94 

Bin  3  : 

21.07 

21.06 

19 

-.01 

Bin  4  : 

18.47 

18.57 

8 

+  .10 

Bin  5  : 

21.22 

20.89 

8 

-.33 

Bin  6  : 

•21.04 

20.64 

9 

-.40 

Average  : 

20.51 

20.20 

— 

-.31 

195^  crop:        : 

Bin  1  : 

18.66 

19-64 

6 

+.98 

Bin  2  : 

20.17 

20.11 

7 

-.06 

Bin  5  : 

18.12 

i9.ll 

19 

+.99 

Bin  6  : 

19.75 

19.75 

7 

No  change 

Average  : 

19.18 

19.65 

+.47 

1955  crop:         : 

Bin  1  : 

19.33 

20.06 

8 

+  .73 

Bin  2  : 

19.32 

19.28 

9 

-.04 

Bin  3  : 

19.22 

19.09 

8 

-.13 

Bin  4 : 

18.92 

19.50 

9 

+.58 

Bin  6  : 

18.31 

18.03 

9 

-.28 

Average  : 

19.02 

19.19 

— 

+.17 

1956  crop:        : 

Bin  1  : 

21.38 

22.^2 

6 

+1.04 

Bin  2  : 

19.41 

19.92 

6 

+  .51 

Bin  5  • 

20.43 

20.87 

6 

+.44 

Bin  6  : 

20.13 

21.25 

6 

+1.12 

Average  : 

20.34 

21.12 

— 

+  .78 

Average  all  bins  . . : 

19.63 

19.75 

— 

+  .12 
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Table  7. — Average  grade  factors  of  farmers  stock  peanuts  used  in  volume -weight 

tests,  by  types 


Type  and  crop 
of  peanuts 


Sound 
mature 
kernels 
1/ 


Damaged 
kernels 


1/ 


Other 
kernels 

4/ 


Total 
kernels 

1/ 


Foreign 
material 

2/ 


Kernel 
moisture 


2/ 


:  Percent  Percent  Percent  Percent  Percent  Percent 
Southeast  Runner:   : 

1952  crop :  65.2  0.2  5-9  71-3  4.3  8.1 

1953  crop  :  61.6  1.9  6.2  69.8  4.0  6.1 

1954  crop  :  65.9  1.5  ^.2  71-6  6.2  6.9 

1955  crop :  64.5  5-0  4.5  "jk.O  1.5  8.5 

1956  crop ;  JO «6 0 4^4 75.0 2^2 6.7 

Average  ;  65.6  1.7  5-0  72. 3  3*6  7.3 

Southeast  Spanish:  : 

1952  crop :  66.3  1.5  6.7  .74.5  5.3  5.6 

1953  crop  :  73-6  1.9  3-6  79-0  3-8  7.6 

195^  crop :  65.6  2.2  3.6  71.5  5.3  9.8 

1955  crop :  72.6  2.3  3.8  78.6  5-3  9-7 

1956  crop  :  72.5  1.5 5^ 79-!?  4-8 8.6 

Average  :  70.1  1-9  4*6  76.6  4.9  8.~ 

• 

Southwest  Spanish:  : 

1952  crop :  63.8  1.5  6.0  71.0  11.0  7.5 

1953  crop :  72.5  1-4  3.1  76.6  11.0  6.5 

1954  crop  :  64.2  2.0  6.7  72.9  7.4  8.4 

1955  crop  :  64.4  1.1  6.6  72.2  7.9  7.6 

1956  crop :  65.5 i7_ 5jl2 TL.2 6jS 7.5 

Average  ;  66.1  1.3  jTJ  72.8  -  8.8  7. 5 

• 

Virginia  type:     : 

1952  crop  :  66.7  .7  2.3  69.7  2.0  9.7 

1953  crop  :  64.5  2.5  2.8  69.8  2.3  8.0 

1956  crop  :  74.0 1^0 1^0 76.O 3^0 10.3 

Average  :  68.4  1.4  2.0  71.8  1.8  9.3 


l/  Weight  of  sound  mature  kernels,  damaged  kernels,  and  other  kernels 
expressed  as  percentage  of  weight  of  "clean  sample." 

2/  Weight  of  foreign  material  expressed  as  percentage  of  gross  weight  of 
samples  as  taken  from  load  or  bin. 

2J     Composite  sample  of  kernels  was  used  to  determine  the  moisture  content 
of  the  peanuts. 
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The  purpose  of  these  tests  was  to  determine  the  weight  of  fanners  stock 
peanuts  per  cubic  foot,  by  types,  and  to  study  the  relationship  and  degree  of 
association  of  weight  per  cubic  foot  to  each  of  the  following  grade  factors 
independently- -sound  mature  kernels,  damaged  kernels,  total  kernels,  foreign 
material,  and  kernel  moisture  (table  8).  For  grade  analysis  a  2-pound  sample 
was  cleaned  by  hand  to  determine  the  percentage  of  foreign  material.  From  the 
cleaned  peanuts,  one-half  pound  was  hand  shelled  to  determine  the  percentage  of 
"sound  mature  kernels,"  "damaged  kernels,"  and  "other  kernels,"  and  the  per- 
centage of  hulls .  A  composite  sample  of  the  kernels  was  used  to  determine  the 
moisture  content  of  the  peanuts. 


Table  8. — Relationship  of  volume-weight  to  various  grade  factors  of  farmers 

stock  peanuts,  by  types 


Simple  correlation  of  coefficient  1/ 


Type  and  crop  years 


Sound 
mature 
kernels 


Damaged 
kernels 


Total 
kernels 


Foreign 
material 


Kernel 
moisture 


Southeast  Runner: 
1952-56  crops  . 


Southeast  Spanish: 
1952-56  crops  .. 


Southwest  Spanish: 
1952-56  crops  . . 


Virginia  type: 

1952,  1953,  and  1956 
crops  , 


0.75*    -0.18    0.75*    -O.39* 


.71* 


.66* 


.6k* 


.16 


58* 


-A5*    .52* 


-.01 


,7^* 


-.39 


-.17 


-.68* 


0.17 


.61* 


-.02 


.29 


1/  The  volume-weight  was  related  to  each  of  the  grade  factors  independently. 
The  relationship  is  expressed  as  the  coefficient  of  correlation  which  measures 
the  degree  to  which  variation  in  one  factor  is  associated  with  variation  in 
another.  Perfect  relationship  between  the  variables  would  be  1. 

*     Significant  at  the  5  percent  probability  level. 


Weight  per  cubic  foot  was  found  to  be  directly  related  to  percentage  of 
sound  mature  kernels  and  total  kernels.  For  Virginia  type  peanuts,  there  was 
a  somewhat  higher  relationship  between  percentage  of  total  kernels  and  weight 
per  cubic  foot  than  between  percentage  of  sound  mature  kernels  and  weight  per 
cubic  foot.  For  Spanish  peanuts,  the  percentage  of  sound  mature  kernels  showed 
a  somewhat  higher  relationship  with  weight  per  cubic  foot  than  the  percentage 
of  total  kernels.  With  the  exception  of  Southwest  Spanish,  weight  per  cubic 
foot  was  not  significantly  related  to  percentage  of  damaged  kernels . 
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The  weight  per  cubic  foot  showed  an  inverse  relationship  with  percentage 
of  foreign  material.  The  volume -weight  relationship  to  percentage  of  foreign 
material  was  significant  for  Southeast  Runners  and  Virginias  but  not  for  South- 
east and  Southwest  Spanish  peanuts.  The  percentage  of  kernel  moisture  was  not 
significantly  related  to  weight  per  cubic  foot  except  for  Southeast  Spanish 
peanuts. 

Southeast  Runners 

For  Southeast  Runner  peanuts,  the  weight  per  cubic  foot  was  significantly 
related  to  percentage  of  sound  mature  kernels ,  total  kernels,  and  foreign 
material  (table  8).  The  relationship  of  percentage  of  sound  mature  kernels 
and  total  kernels  to  weight  per  cubic  foot  was  0.75*  1/  For  percentage  of 
foreign  material  and  weight  per  cubic  foot,  the  relationship  was  -0.39* 

Fifty-six  percent  of  the  variation  in  weight  per  cubic  foot  was  explained 
by  the  percentage  of  sound  mature  kernels,  whereas  only  15  percent  was  explained 
by  the  percentage  of  foreign  material.  2/  Therefore,  as  independent  measures  of 
variations  in  weight  per  cubic  foot,  the  percentage  of  sound  mature  kernels  is 
almost  four  times  as  important  as  the  percentage  of  foreign  material  (table  9)» 

Based  on  the  information  obtained,  it  is  possible  to  estimate  the- weight 
per  cubic  foot  of  farmers  stock  peanuts  with  a  fairly  high  degree  of  accuracy. 
Figure  1  shows  the  relationship  between  weight  per  cubic  foot  and  percentage  of 
sound  mature  kernels.   Based  on  closeness  of  fit  for  these  data,  the  equation 
of  this  line  is  fairly  reliable  for  estimating  weight  per  cubic  foot  from  per- 
centage of  sound  mature  kernels .  JJ      In  two  out  of  three  cases  the  estimated 
weight  per  cubic  foot  would  come  within  +1.0  pound.   In  95  out  of  100  cases 
the  estimated  weight  per  cubic  foot  would  come  within  +  1.9  pounds.  Assuming 
that  several  lots  of  Runner  peanuts  average  65  percent  sound  mature  kernels,  it 
is  estimated  that  the  peanuts  will  weigh  16.7  pounds  per  cubic  foot.  Within 
the  range  for  which  observations  were  made,  for  every  1-percent  increase  in 
sound  mature  kernels,  the  weight  per  cubic  foot  increases  0.2  pound.  The  re- 
verse is  true  for  each  1-percent  decrease  in  sound  mature  kernels. 

Based  on  the  closeness  of  fit  for  these  data  about  the  line  of  relationship, 
the-  equation  for  this  line  is  fairly  reliable  in  estimating  cubic  feet  per  ton 
from  percentage  of  sound  mature  kernels.   In  two  out  of  three  cases  the  estimated 


1/ Coefficient  of  correlation  measures  the  direction  and  magnitude  of  the 
relationship  that  one  variable  has  to  another  variable.  Perfect  relationship 
between  the  variables  would  be  1. 

2/  This  is  based  on  coefficient  of  determination  which  measures  the  per- 
centage of  variation  in  the  dependent  variable  explained  or  accounted  for  by 
the  independent  variable. 

JJ     By  using  the  equation  Yc  =  2.0309  +  0.225&C  where  x  =  percentage  of 
sound  mature  kernels,  one  can  estimate  the  weight  per  cubic  foot  by  substitut- 
ing the  value  of  x  in  the  equation.  For  example,  if  the  peanuts  average  65 
percent  sound  mature  kernels,  it  is  estimated  that  the  peanuts  will  weigh  16.71 
pounds  per  cubic  foot  (Yc  =  2.0309  +  O.2258  x  65  =  16.71). 
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Table  9« — Coefficient  of  determination  of  various  grade  factors  to  volume- 
weight  of  farmers  stock  peanuts,  by  types  l/ 


Type  and  crop  years 


Sound 
mature 
kernels 


Damaged 
kernels 


Total 
kernels 


Foreign 
material 


Kernel 
moisture 


Percent   Percent   Percent   Percent    Percent 


Southeast  Runner 
1952-56  crops  , 


Southeast  Spanish: 
1952-56  crops  . . 


Southwest  Spanish: 
1952-56  crops  . . 


Virginia  type: 

1952,  1953,  and  1956 
crops  , 


56.2 


50.9 


k3.k 


40.5 


3-1 


2.6 


20.1 


56.3 


33.^ 


26.9 


5^-5 


15.1 


15.1 


2.8 


46.1 


2.8 


37.0 


.k 


8.6 


1/  These  percentages  of  variation  are  not  additive  inasmuch  as  the  unit 
weight  was  related  to  each  of  the  grade  factors  independently.  The  relation- 
ship is  expressed  as  the  coefficient  of  determination  which  is  the  square  of 
the  coefficient  of  correlation.   It  measures  the  percentage  of  variation 
explained  in  dependent  variable  when  associated  with  another  variable. 


cubic  feet  per  ton  would  come  within  +  "J.l   cubic  feet.   In  95  out  of  100  cases 
the  estimated  cubic  feet  per  ton  would  come  within  +  lk.2   cubic  feet. 

Assuming  that  several  lots  of  Runner  peanuts  average  65  percent  sound 
mature  kernels,  it  is  estimated  that  the  peanuts  will  occupy  121  cubic  feet  per 
ton.  kj      For  every  1-percent  increase  in  sound  mature  kernels  within  the  range 
covered  by  the  data  there  is  a  decrease  of  1.7  cubic  feet  per  ton. 


Southeast  Spanish 

For  Southeast  Spanish  peanuts,  the  data  show  that  the  weight  per  cubic 
foot  was  significantly  related  to  percentage  of  sound  mature  kernels ,  total 
kernels,  and  kernel  moisture  (table  8).  The  weight  per  cubic  foot  was  most 


kj By  using  the  equation  Yc  =  229.15^1  -  I.669IX  where  x  =  percentage  of 
sound  mature  kernels,  one  can  estimate  the  cubic  feet  per  ton  by  substituting 
the  value  of  x  in  the  equation.  For  example,  if  the  percentage  of  sound  mature 
kernels  is  65  percent,  it  is  estimated  that  the  peanuts  will  occupy  120. 63 
cubic  feet  per  ton  (Yc  =  229.15^1  -  I.669I  x  65  =  120. 63). 
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SOUTHEAST 
RUNNERS 


Yc  =  2.0309  +  .2258X 


FARMERS  STOCK  PEANUTS 

Relation  of  Weight  to  Percentage  of  Sound  Mature  Kernels 
LB.  PER  CU.  FT. 


r    =     0.7499 
Sv    x    =    ±.9662 
Y     N  =  59 


22 

20 

18  h 

16 

14 

12 


SOUTHEAST 
SPANISH 


Yc  =-1.5769  +  .3034X 


r    =     0.7133 
Svx    =  ±1.0973 
N  =  20 


50  60  70  80     50  60  70  80 

%  OF  SOUND  MATURE  KERNELS  %  OF  SOUND  MATURE  KERNELS 


SOUTHWEST 
SPANISH 


Y^=  10.1007  +  .1438X 


r  =     0.6585 
Syk   =    ±.7643 
.N=  22 


16 
14 
1  12 


VIRGINIAS 


Y,  =  5.8562  +  .1142X 


0.6361 


N  =  12 


50  60  70  80    50  60  70  80 

%  OF  SOUND  MATURE   KERNELS  %  OF  SOUND  MATURE  KERNELS 


U.S.  DEPARTMENT   OF    AGRICULTURE 


NEC  71  13-59(3)      AGRICULTURAL    MARKETING    SERVICE 


Figure  1 
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closely  related  to  percentage  of  sound  mature  kernels.   The  percentage  of 
kernel  moisture  and  total  kernels  showed  a  somewhat  lower  relationship.  The 
percentage  of  foreign  material  was  not  significantly  related  to  weight  per 
cubic  foot. 

Fifty-one  percent  of  the  variation  in  weight  per  cubic  foot  was  explained 
by  the  percentage  of  sound  mature  kernels.  Over  one-third,  37  percent,  of  the 
variation  in  weight  per  cubic  foot  was  explained  by  percentage  of  kernel  mois- 
ture, while  33  percent  was  explained  by  percentage  of  total  kernels,  and  15 
percent  was  explained  by  percentage  of  foreign  material  (table  9)«  The  percent- 
ages of  variation  are  not  additive  inasmuch  as  the  unit  weight  was  related  to 
each  of'the  grade  factors  independently. 

Based  on  the  relationship  between  weight  per  cubic  foot  and  percentage  of 
sound  mature  kernels,  one  can  estimate  the  weight  per  cubic  foot  from  sound 
mature  kernels  with  a  fairly  high  degree  of  accuracy.   In  two  out  of  three  cases 
the  estimated  weight  per  cubic  foot  would  come  within  +1.1  pounds.   In  95  out 
of  100  cases  the  estimated  weight  per  cubic  foot  would  come  within  +2.3 
pounds. 

Assuming  that  several  lots  of  Southeast  Spanish  peanuts  average  70  percent 
sound  mature  kernels,  it  is  estimated  that  the  peanuts  will  weigh  19-7  pounds 
per  cubic  foot  (fig.  l) .  For  every  1-percent  increase  in  sound  mature  kernels 
in  the  range  covered  by  the  data  the  weight  increases  0.3  pound  per  cubic  foot. 

Based  on  the  relationship  between  cubic  feet  per  ton  and  percentage  of 
sound  mature  kernels,  it  is  estimated  that  Southeast  Spanish  peanuts  with  70 
percent  sound  mature  kernels  will  occupy  102  cubic  feet  per  ton.  For  every 
1-percent  increase  in  sound  mature  kernels,  there  is  a  decrease  of  1.6  cubic 
feet  per  ton.   Based  on  closeness  of  fit  for  these  data  about  the  line  of  re- 
lationship, the  equation  for  this  line  is  fairly  reliable  in  estimating  cubic 
feet  per  ton  from  sound  mature  kernels.   In  two  out  of  three  cases  the  esti- 
mated cubic  feet  per  ton  would  be  within  +5*6  cubic  feet.   In  95  out  of  100 
cases  it  would  be  within  +11.8  cubic  feet  per  ton. 

Southwest  Spanish 

For  Southwest  Spanish  peanuts,  the  data  show  that  the  weight  per  cubic 
foot  was  significantly  related  to  percentages  of  sound  mature  kernels,  damaged 
kernels,  and  total  kernels  (table  8).  The  weight  per  cubic  foot  was  most 
closely  associated  with  the  percentage  of  sound  mature  kernels.  Total  kernels 
and  damaged  kernels  showed  a  somewhat  lower  relationship.  The  percentages  of 
foreign  material  and  kernel  moisture  were  not  significantly  related  to  weight 
per  cubic  foot. 

Forty-three  percent  of  the  variations  in  weight  per  cubic  foot  was  ex- 
plained by  percentage  of  sound  mature  kernels,  whereas  only  27  percent  was 
explained  by  total  kernels  and  20  percent  by  damaged  kernels  (table  9)« 
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Based  on  the  relationship  between  weight  per  cubic  foot  and  percentage 
sound  mature  kernels,  and  on  the  closeness  of  fit  for  these  data,  the  equation 
of  this  line  is  fairly  reliable  in  estimating  weight  per  cubic  foot  from  per- 
centage sound  mature  kernels.   In  two  out  of  three  cases  the  estimated  weight 
per  cubic  foot  would  come  within  +0.8  pound.   In  95  out  of  100  cases  the  esti- 
mated weight  per  cubic  foot  would  come  within  +1.6  pounds.   If  several  lots  of 
Southwest  Spanish  peanuts  test  70  percent  sound  mature  kernels,  it  is  estimated 
that  the  peanuts  will  weigh  20.2  pounds  per  cubic  foot  (fig.  l).  For  every 
1-percent  increase  in  sound  mature  kernels,  there  is  an  increase  of  0.1  pound 
per  cubic  foot. 

Based  on  the  relationship  between  cubic  feet  per  ton  and  percentage  of 
sound  mature  kernels,  and  the  closeness  of  fit  for  these  data,  the  equation  of 
this  line  is  fairly  reliable  in  estimating  cubic  feet  per  ton  from  percentage 
of  sound  mature  kernels.  In  2  out  of  3  cases  the  estimated  cubic  feet  per  ton 
would  be  within  +  k.O   cubic  feet.   In  95  out  of  100  cases  the  estimated  cubic 
feet  per  ton  would  be  within  +  8.2  cubic  feet.  If  several  lots  of  Southwest 
Spanish  peanuts  test  70  percent  sound  mature  kernels,  it  is  estimated  that  the 
peanuts  will  occupy  99  cubic  feet  per  ton. 

Virginias 

For  Virginia  type  peanuts,  the  weight  per  cubic  foot  was  significantly 
related  to  percentages  of  sound  mature  kernels,  total  kernels,  and  foreign 
material.  Total  kernels  and  foreign  material  showed  a  somewhat  higher  rela- 
tionship to  weight  per  cubic  foot  than  sound  mature  kernels.  The  relationship 
of  percentage  of  total  kernels  to  weight  per  cubic  foot  was  0-7*  for  foreign 
material  and  weight  per  cubic  foot,  -0.7;  and  sound  mature  kernels  with  weight 
per  cubic  foot,  0.6. 

Over  one-half,  55  percent,  of  the  variation  in  weight  per  cubic  foot  was 
explained  by  percentage  of  total  kernels,  whereas  only  two-fifths,  or  kO  per- 
cent, was  explained  by  percentage  of  sound  mature  kernels.  Forty-six  percent 
of  the  variation  in  weight  per  cubic  foot  was  explained  by  foreign  material. 

It  is  possible  to  estimate  the  weight  per  cubic  foot  of  Virginia  type 
farmers  stock  peanuts  with  a  fairly  high  degree  of  accuracy.  Figure  1  shows 
the  relationship  between  weight  per  cubic  foot  and  percentage  of  sound  mature 
kernels.  Based  on  closeness  of  fit  for  these  data,  the  equation  of  this  line 
is  fairly  reliable  in  estimating  weight  per  cubic  foot  from  percentage  of  sound 
mature  kernels.   In  two  out  of  three  cases  the  estimated  weight  per  cubic  foot 
would  come  within  +0.6  pound.   In  95  out  of  100  cases  the  estimated  weight  per 
cubic  foot  would  come  within  +1-3  pounds.   If  several  lots  of  Virginia  type 
peanuts  average  65  percent  sound  mature  kernels,  it  is  estimated  that  the  pea- 
nuts will  weigh  13 • 3  pounds  per  cubic  foot.  For  every  1-percent  increase  in 
sound  mature  kernels,  the  weight  increases  0.1  pound  per  cubic  foot. 

An  equation  was  also  derived  which  proved  fairly  reliable  in  estimating 
cubic  feet  per  ton  from  percentage  of  sound  mature  kernels .   In  two  out  of 
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three  cases  the  estimated  cubic  feet  per  ton  "would  come  within  +  6.6   cubic 
feet.  In  95  out  of  100  cases  the  estimated  cubic  feet  per  ton  would  come  with- 
in +  14.3  cubic  feet.   If  several  lots  of  Virginia  type  peanuts  average  65  per- 
cent sound  mature  kernels,  it  is  estimated  that  the  peanuts  will  occupy  151 
cubic  feet  per  ton. 


Estimated  Volume -Weight 

The  weight  per  cubic  foot  and  the  cubic  feet  per  ton  of  farmers  stock 
peanuts  as  estimated  from  percentage  of  sound  mature  kernels  are  shown  in 
table  10.. 

The  weight  per  cubic  foot  of  farmers  stock  peanuts  can  be  estimated  from 
percentage  of  sound  mature  kernels  with  a  fairly  high  degree  of  accuracy  by 
use  of  the  estimating  equation.  j>/  The  results  would  not  differ  significantly 
from  the  values  shown  in  table  10.  In  two  out  of  three  cases  the  estimated 
weight  per  cubic  foot  would  come  within  +  1.0  pound  for  Southeast  Runner  pea- 
nuts, +1.1  pounds  for  Southeast  Spanish,  +0.8  pound  for  Southwest  Spanish, 
and  +0.6  pound  for  Virginia  type  peanuts. 

The  cubic  feet  per  ton  of  farmers  stock  peanuts  can  be  estimated  from  per- 
centage of  sound  mature  kernels  with  a  fairly  high  degree  of  accuracy  by  use  of 
the  estimating  equation.  6/  The  results  would  not  differ  significantly  from 
the  values  shown  in  table  10.   In  two  out  of  three  cases  the  estimated  cubic 
feet  per  ton  would  come  within  +  7*1  cubic  feet  for  Southeast  Runner,  _+  5*6 
cubic  feet  for  Southeast  Spanish,  +  k.O   cubic  feet  for  Southwest  Spanish,  and 
+6.6   cubic  feet  for  Virginia  type  peanuts. 

It  should  be  pointed  out  that  the  percentage  of  sound  mature  kernels  of 
the  experimental  peanuts  upon  which  the  volume-weight  tests  were  based  ranged 
from  5^-  "to  7^  percent  for  Southeast  Runner,  65  to  76  percent  for  Southeast 
Spanish,  59  "bo  76  percent  for  Southwest  Spanish,  and  from  62  to  75  percent  for 
Virginia  type  peanuts. 

jj/  Weight  per  cubic  foot  was  estimated  by  use  of  regression  equation 
discussed  on  page  13. 

6/  Cubic  feet  per  ton  was  estimated  by  use  of  regression  equation  dis- 
cussed on  page  Ik. 
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